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Methods
Figs DR1 to DR10 Table DR1 2017281_Database DR1_oceanic crustal thickness data.xlsx 11 Additionally, multiple refractions were picked and incorporated into the inversion in 12 order to improve imaging of distal areas of the model space. These multiples represent P-13 wave refractions with an additional bounce in the water column above the OBS. 14 The tomographic inversion process begins with a starting seismic velocity model 15 based on assumptions of oceanic crustal velocity structure (Fig. DR5 ). The raypaths from 16 all source-receiver pairs were calculated through the starting model using a hybrid 17 shortest path and raybending method (Van Avendonk et al., 2001 ) in a 3D (extended 1.6 18 km perpendicular to Line 2) model space to account for the rough bathymetry. The 19 difference between the picked P-wave travel times and calculated travel times are then 20 inverted for seismic velocities everywhere in the model space using a linearized least-21 squares approach (Van Avendonk at al., 1998; Van Avendonk et al., 2001 ). This process 22 of calculating raypaths in the new model and then producing a new velocity model with a 23 least squares inversion is repeated until a minimum data misfit is achieved. In 9 1 iterations, the residual mean data fit reduced from 672 ms to 95 ms and the chi-squared 2 reduced from 44.53 to 0.67. 3
The iterative nonlinear tomographic inversion converged on two solutions that 4 both achieve a good data fit. These two solutions differ in the nature of the low-velocity 5 zone beneath Mt. Dent, to which the raypaths appear to be sensitive. To account for this, 6
we averaged 12 seismic velocity models from consecutive iterations of the inversion 7 passed the 9 th iteration that produced an acceptable data misfit. This average represents 8 our final, preferred velocity model, with a residual mean data misfit of 95 ms and a chi-9 squared of 0.67. Fig. DR6 shows the final seismic tomographic image with picked and 10 calculated travel times. The standard deviation of the final model (using the 12 inversion 11 results) was calculated (Fig. DR7) . A resolution test was also carried out in order to show 12 how well the final velocity model resolves a body that is 10 km-wide by 5 km-high (Fig.  13   DR8 ). Table S1 summarizes the errors for all 18 OBSs. 14 15
Gravity 16
The shipboard gravity data were corrected to the Free-air Anomaly (FAA) (Fig. 17 DR10, middle panel). This FAA was then modeled for density in the center portion of 18 Line 2 where seismic control is best. Starting with velocity contours from the velocity 19 model, four layers were defined: a water layer, an upper crustal layer, a lower crustal 20 layer, and an upper mantle layer. These layers were then assigned densities and then 21 forward modeled to match the FAA (Fig. DR10 , bottom panel). The water layer has a 22 density of 1.03 g cm -3 , the upper crustal layer has a density of 2.55 g cm -3 , the lower 23 5 crustal layer has a density of 2.65 g cm -3 , and the upper mantle layer has a density of 3.33 1 g cm -3 . This modelling shows that Mt. Dent has relatively lower densities than the 2 surrounding lithosphere to the east and west. 3
Magnetics 4
The summit of Mt. Dent is ~14 km east of the center of the MCSC, ~2 my of 5 spreading judging by the long-term ~7.5 mm/yr half-rate, based primarily on magnetic 6 anomaly 3A, 5A and 6, all in off-axis crust >5 Ma-old (Leroy et al., 2000) . The 7 protracted evolution of the Mt. Dent OCC is indicated by the edge of the central magnetic 8
anomaly along its eastern edge and an older positive magnetic anomaly along its western 9 edge ( has some of the highest Na8.0 concentrations (red star), and previously reported lowest 12
crustal thickness values; as we show here the MCSC has highly variable crustal thickness 13 over time (light blue line) (Fig. DR3) . 
